terms of reduced thermoregulation costs, reduced predation risk, and/or increase foraging efficiency (WARD & ZAHAVI 1973 , EISERER 1984 , HATCHWELL et al. 2009 ).
Among the main benefits attributed to communal roosting are opportunities for social interaction, information exchange, and facilitation of group foraging (RABENOLD 1986 , 1987 , BUCKLEY 1996 , 1997 . Communal roosts are complex and comprise a series of spatially closed roosts used by a local population of vultures that alternates among such roosts in a given area, forming a roosting system (STOLEN & TAYLOR 2003) . These complex communal roosts have been the subject of several studies that address habitat characteristics, social behavior, movements between roosts, seasonal and daily use patterns, and population dynamics (RABENOLD 1986 , 1987 , WRIGHT et al. 1986 , THOMPSON et al. 1990 , BUCKLEY 1998 , STOLEN & TAYLOR 2003 , EVANS & SORDAHL 2009 , MCVEY et al. 2008 , LAMBERTUCCI et al. 2008 . However, one key question remains poorly investigated: what drives the selection of communal roosting sites by urban Black Vultures at the landscape scale?
In this study, we investigated the effects of the covariates of five vegetation remnants (VR) on VR occupancy by roosting Black Vultures. Two VR covariates were related to size and shape, and three were related to VR locations: distance to feeding sites; distance to thermal power plants; and distance to the nearest VR. Black Vultures normally use roosts in protected areas where human activities are limited and from which they can easily take off or land (COLEMAN & FRASER 1989 , THOMPSON et al. 1990 . We hypothesized that the larger and more round VRs harbors sites that are more isolated and protected from of human activities, which facilitates arrivals and departures of Black Vultures. As Black Vultures can form communal roosts near predictable food sources (COLEMAN & FRASER 1989) , we expected that VRs near areas with larger amounts of organic residues would increase the probability of finding vulture roosts. Roosts are also often located near structures that generate upward-flowing air that facilitates early-morning flights (THOMPSON et al. 1990 ). In Manaus, thermal power plants attracted vultures to their vent pipes (vultures use the mass of expelled heat as an aid to soar and fly) (NOVAES, unpublished data). Similar behavior was observed in Turkey Vultures (MANDEL & BILDSTAIN 2007) , which suggests that the proximity to thermal power plants might be favorable for the establishment of a communal roost. As Black Vultures form a complex of communal roosts comprised of a series of nearby roosts (RABENOLD 1987) , the proximity to other VRs (potential ancillary roosts) may influence the probability that a VR is used to roost.
Manaus is a good study site to investigate the selection of communal roost sites by the Black Vulture. This unplanned and fast growing city has experienced increased environmental disturbances such as deforestation, water pollution, and shortage of basic sanitation in the last decades. Black Vulture populations have likely benefited from the foraging opportunities that have been enhanced by the large amounts of available organic residues. Moreover, there are several native vegetation remnants (mainly forest fragments) that are potential communal roost sites for Black Vultures. Furthermore, there are three airports in the urban area of Manaus: the Eduardo Gomes International Airport, the Ponta Pelada Air Base, and the Flores Aerodrome. The establishment of a vulture communal roost close to one of these aerodromes poses a serious risk to aviation. Our objectives were to investigate how structural features and the spatial location of VRs contribute to the probability that a VR will be used as a Black Vulture communal roost. Based on the results, we propose management actions to keep vultures away from airports.
MATERIAL AND METHODS
Manaus (03°08'S, 60°01'W) is one of the main cities in the Brazilian Amazon. It has an urban area of 3,77.4 km 2 surrounded by the Amazon Forest, and about 1.8 million inhabitants. The climate is tropical, warm and humid, with a local rainy season between December and May and a dry season from June to November.
Several types of roosting substrates, such as trees, cell towers or tall buildings can be used as a roost by vultures. However, in our study area, vulture roosts in sites other than VRs are rare, probably due to the large availability of VRs. Therefore, our study included only VRs. Our sampling consisted of multiple visits to VRs of different sizes, shapes, and locations (Fig. 1) . All VRs present in the urban area of Manaus that ranged from small tree aggregations (< 1 ha) to a large forest fragment (> 500 ha) were identified. We identified 197 VRs and to each VR we assigned a number in ascending order from North to South. The function sample (replace = false) in the R software was used to randomly select 40 VRs. The number of observation points within each VR varied according to size, as follows: < 10 ha (N = 21), one observation point per VR; 10-150 ha (N = 15), two points; 151-300 ha (N = 2), three points, and > 300 ha (N = 2), four observation points per VR.
We monitored five communal roosts of Black Vultures before establishing the time and length of the observations at each observation point. These sites are characterized by large numbers of individuals (RABENOLD 1986 , WRIGHT et al. 1986 , BUCKLEY 1998 . Given that our previous observations had identified that vultures arrive continuously in communal roosts in the later afternoon, we established 10 min observations periods at sunset (between 5:00 p.m. and 6:00 p.m.).
Observations were carried out at the edges of the VRs, which were usually on the streets bordering these areas. VRs were considered occupied if, from at least one observation point during each observation period, we observed vultures roosting and/or arriving in it. Larger VRs, i.e. with two, three or four observation points, were considered occupied if vultures were observed roosting in only one or more points. Our sampling design was based on estimating the proportion of sites occupied by a species of interest, as proposed by MACKENZIE et al. (2002) . Following this approach, the site occupancy status does not change for the duration of the survey period, no new sites are occupied after the survey begins, and no sites are abandoned before the survey ends. Species are never falsely detected at a site when they are absent, and a species may or may not be detected at a site when it is present. We surveyed the VRs within a short period of time (four months and a half) assuming that the VR occupancy did not change during our survey period. Based on MACKENZIE & ROYLE (2005) and considering the high detection probability (> 0.9) of vultures in the communal roost sites chosen, our sampling consisted of two observers simultaneously visiting VR observation points twice between 16 June and 1 November 2011. Observers positioned themselves at least 30m from each other. Altogether, there were three trained observers conducting observations during this study. Due to logistical constraints, some VRs were not surveyed during all sampling occasions. These missing observations were accommodated using the proposed likelihood model (MACKENZIE et al. 2002) .
We measured VR sizes using images from Google Earth (images from 2 August 2010) and the GEPath 1.4.6 software (SGRILLO 2012). To estimate VR shapes or deviation from a circle (a circular VR assuming an shape index, SI = 1.0, and all other shapes assuming higher values), the Patton shape index (SI) (PATTON 1975) below was used: SI = P × ( × A) 0.5 /200, where SI = VR shape index, P = perimeter of the VR in km, = 3.1416, A = VR area in km 2 .
To estimate distance to food source, we identified vulture feeding sites using sampling points across urban and suburban areas of Manaus between 2009 and 2010. The sampling consisted of four visits to 48 sites between July and October 2009 and five visits to 80 sites between September and November 2010. The addition of 32 more sites in 2010 allowed us to increase the study area and include structures such as street markets, dumps, and polluted streams in the sample. At each site, vulture sampling lasted five minutes and was conducted by a single observer between 8:00 a.m. and 5:00 p.m. We considered feeding sites as those where Black Vultures were observed foraging for at least 80% of the observations. To investigate the use of thermal power plants by vultures, we monitored six of the 11 thermal power plants in the urban area of Manaus from February to September 2012. We observed that all thermal power plants were used by vultures and were visited more often in the early morning and/or late afternoon. To estimate the distance to other VRs, we considered the distance from the sampled VR to the nearest VR in the urban area of Manaus. Distances to the nearest VR, to the feeding sites and to thermal power plants were measured using Google Earth 6.1.
Our data analysis consisted of two steps. Firstly, we used descriptive analysis to assess the number of VRs occupied, their size and shape, variations in the distance of occupied VRs to feeding sites, thermal sources and other VRs. Secondly, we used a procedure of parameter estimation and multimodel inference (BURNHAM & ANDERSON 2002) . Each model tested has two components: one to estimate the probability that a VR would be occupied by Black Vultures (⌿) (a biologic component) and another to express the probability that we would detect Black Vultures in a VR where they actually occur (p) (a sample component). Both components can incorporate covariates, where it is possible to evaluate the effect of the covariates on psi and p.
We inputted a complete set of additive logistic regression model for the five variables, estimating the weighted mean effect sizes, and the relative importance of each variable based on the set of models. Using the PRESENCE software (HINES 2006), we built models that provided the maximum-likelihood estimates of parameters and their standard errors (SE). The models were compared using Akaike's Information Criterion corrected for small sample sizes (AICc). The AIC is a theoretic information measure used to select a parsimonious model that considers data variation and the number of parameters (BURNHAM & ANDERSON 2002) . The relative importance of each variable (w) was estimated, within model set, as the sum of Akaike weights over all models in which the variable was present; the w max = 1 and variables with w р 0.35 were considered unimportant. The weighted mean effect size (␤) was estimated for each variable in the model set as the sum of model-specific effect sizes times model-specific Akaike weights. The model set included a null model representing the hypothesis that none of the variables influenced the probability of Black Vultures occupying VRs as communal roosts. We were also interested in measuring the effect of observers and VR size with the probability of roost detection, for doing so we tested models with these variables as detections covariates.
RESULTS
Each observation point was visited 3.34 times on average (range 2-4 times). Overall, we detected the Black Vultures roosting in 17 of the 40 VRs sampled (42.5%). Among 17 roosts identified, 14 (82%) were less than 2 km from feeding sites, 9 (53%) were less than 1 km, and 7 (41%) were less than 0.5 km. Only 3 (17%) were farther than 2 km from feeding sites (Fig. 2 , see also Appendix 1). In other words, the closer a VR was to sites with available food, the greater the chance the VR was used as a communal roost (an increase of 1% per meter, see Fig. 3 ). We observed vultures roosting in VRs of different sizes, from very small (0.31 ha) to large forest fragments (773 ha) (Appendix 1). Similarly, Black Vultures used both rounded and irregularly shaped VRs (Appendix 1). The use of VRs seems not to be influenced by either distance to other VRs or to thermal power plants, since both VRs close or far from other VR and thermal power plants had vultures roosting (Appendix 1).
As expected, the null model did not provide an adequate explanation of the data (Appendix 2). The effect of the observer (Observer 1 = 0.97, Observer 2 = 0.96, and Observer 3 = 0.97) ZOOLOGIA 30 (6): 607-614, and of the VR size (varied from 0.96 to 0.97) showed no significant variations on detection probabilities. Therefore, we considered the detection probability as constant in our model set. The occupancy estimates for each VR by Black Vultures was 0.42 (SE = 0.07; CI 95% 0.28-0.58) and the probability of detecting Black Vultures in the VRs in which they occurred was 0.97 (SE = 0.02; CI 95% 0.88-0.99).
Our model set comprised 32 models with all possible combinations of the variables and one null model (Appendix 2). The best-performed models (⌬AIC р 2) are provided in Table I . In terms of relative importance, the variables rank as follows: distance to feeding sites, w = 0.91; distance to thermal power plants, w = 0.35; shape of VR, w = 0.30; size of VR, w = 0.26; and distance to other VRs, w = 0.23. The distance between VRs and the nearest feeding site was the most important predictor of VR occupancy by roosting Black Vultures, with a strong negative effect on occupancy (␤ = -0.62); although the precision of this estimate is somewhat low (SE = 0.26), it is significantly different from zero at ␣ = 0.05 (95% CI -1.13, -0.11; see Fig. 4 ). The other variables had either little or no significant effect on VR use by Black Vultures as communal roost (Fig. 4) . 
DISCUSSION
We found that among the variables investigated in this study, distance to feeding sites was the most important factor for roost site selection. In Manaus, the location of food sources for Black Vultures was already known (i.e., street markets, garbage dumps, open sewers) and Black Vultures used these feed- Figure 4 . Model-averaged effect-size (␤ coefficients) of variables from the 32-model set. Error bars show 95% confidence limits, where they do not intersect the dotted line, we consider the effect of the variables on vegetation remnant occupancy to be significant. ing sites extensively. Black Vultures are able to adjust their home ranges, movement patterns, and flight behavior to local features (DEVAULT et al. 2004) . Therefore, these birds may have adjusted to use the nearest possible roost to the food source to reduce the cost of movement.
Although the other variables could represent more safety (size), accessibility of roosts (shape), facilitated early-morning flight (proximity to thermal power plants), and potential ancillary roosts (proximity to other VRs), none of these variables were significantly correlated in our study. COLEMAN & FRASER (1989) demonstrated that Black Vultures can roost communally in small to medium sized woodlots when roosts are near feeding sites. We observed Black Vultures roosting in very small VRs (i.e., 0.3 ha) in areas of intense human activity (i.e., street markets), but theses roosts were near large garbage containers used as feeders by vultures. It seems that Black Vultures adjust to small areas (theoretically less protected) when they find advantages in such areas, in this case, food supply. Closeness to thermal power plants had little influence on roost site selection. This is probably due to the fact that when the food location is known to Black Vultures, they approach the feeding site flapping rather than gliding (BUCKLEY 1997), demonstrating that they are not very dependence on thermals. Finally, the distances to other VRs varied little (from 0.01 to 1.39 km) due o the large variability of these structures in Manaus, which may explain the lack of influence of this variable in our study.
When vulture communal roosts are located near human activity sites, vulture-human conflicts, including vulture-aircraft strikes, may arise (BALL 2009). For example, two of the three most abundant roosts that we identified (129 and 92 Black Vultures on average arriving within a 10 minutes period) were 1 and 0.7 km away from the Ponta Pelada Air Base. Normally, the strategies employed to minimize problems caused by vulture roosts include dispersing the birds by suspending vulture carcasses and the use of hand-held lasers and pyrotechnics in the roost (AVERY et al. 2002 , SEAMANS 2004 , BALL 2009 . Although locally efficient, actions implemented only in one roost do not solve the vulture problem because birds repelled from a roost simply relocate to adjacent roosts and continue to operate in the area (STOLEN & TAYLOR 2003 , AVERY et al. 2006 . For the efficient management of Black Vulture communal roosts, integrative measures are necessary.
The number and composition of individuals in a roost may be influenced by factors such as roost location, roosting site and abundance of birds in the roost (RABENOLD 1986 , LAMBERTUCCI 2013 . Therefore, the characterization of those sites regarding use and composition variations can provide tools to determine priorities for the management of the main roosts (i.e., more abundant and greater variation in age classes). However, as previously stated, roost dispersal does not reduce Black Vulture activity in an area. Our results suggest that effective management for preventing vulture-human conflicts include removal and proper disposal of food to reduce the attractiveness of the site for vultures. A management plan to control the problems caused by Black Vulture communal roosts in urban areas should be based on significantly reducing their food supply through: improving the quality of garbage collection, installing and/or adjusting the sewage collection systems, replacing open garbage cans with closed garbage cans to prevent vulture access, and environmental education campaigns to reduce indiscriminate garbage disposal by local communities.
Additionally, we suggest caution before starting vulture management. A radical reduction in the availability of food does not necessarily mean that vultures will leave the area. These birds probably will feed on other resources, which can result in attacks to livestock, poultry, and domestic animals (AVERY & CUMMINGS 2004) . Competition for key resources with other bird species can also arise (CARRETE et al. 2010) . It is important to consider translocation of birds to places were human-vulture interactions are not negative (HUMPHREY et al. 2000) . On the other hand, it is important to consider that Black Vultures play an important role as cleaners in the environment. The drastic reduction of scavenger bird populations can have socio-economic, cultural, and biodiversity impacts (MARKANDYA et al. 2008) .
Therefore, our results suggest that food location is the main factor considered by Black Vulture when communal roost sites are selected. As the establishment of large vulture communal roosts next to airports represent a serious risk to aircrafts, management measures to minimize this risk are necessary. Based on our results, we recommend the radical reduction of food availability, mainly human refuse, next to the airport as a first step. After the reduction of food resources, harassment measures should taken towards the communal roost. Vulture (Coragyps atratus) occupation status as a communal roost, Manaus, Central Amazon, Brazil. 
